Abstract Esophageal perforations are life threatening emergencies associated with high morbidity and mortality. We report on 22 consecutive patients (age 20-86; 13 female and 9 male) with an oesophageal perforation treated at the university hospital Duesseldorf. The patients' charts were reviewed and follow-up was completed for all patients until demission, healed reconstruction or death. Patients' history, clinical presentation, time interval to surgical presentation, and treatment modality were recorded and correlated with patients' outcome. Six esophageal perforations were due to a Boerhaave-syndrome, eleven caused by endoscopic perforation, two after osteosynthesis of the cervical spine and three foreign body induced. In 7 patients a primary local suture was performed, in 4 cases a supplemental muscle flap was interposed, and 7 patients underwent an oesophageal resection. Four patients were treated without surgery (three esophageal stent implantations, one conservative treatment). Eleven patients (50 %) were presented within 24 h of perforation, and 11 patients (50 %) afterwards. Time delay correlates with survival. In 17 (80.9 %) cases a surgical sufficient reconstruction could be achieved. One (4.7 %) patient is waiting for reconstruction after esophagectomy. Four (18.2 %) patients died. A small subset of patients can be treated conservatively by stenting of the Esophagus, if the patient presents early. In the majority of patients a primary repair (muscle flap etc.) can be performed with good prognosis. If the patient presents delayed with extensive necrosis or mediastinitis, oesophagectomy and secondary repair is the only treatment option with high mortality.
Introduction
Esophageal perforations are surgical life-threatening emergencies associated with high morbidity and mortality. The therapeutic strategies depend on the cause of the perforation, the time point after perforation, and the comorbidity of the patient [1] . Therapeutic options are diverse and results are often unsatisfactory. Overall mortality still ranges from 20 to 50 % despite advances in surgical and endoscopic techniques as well as intensive care treatment during the past several decades [1] [2] [3] . The etiology of esophageal perforation is often iatrogenic, trauma, or Boerhaave syndrome. The classical symptoms of esophageal perforation are pain, fever, cardiac arrhythmia, and the presence of subcutaneous or mediastinal air [3] . Different procedures described for early and delayed esophageal perforation include primary repair with or without reinforcement, simple drainage of the thoracic cavity, diversion esophagectomy, stenting of the perforation with a prosthesis, and esophageal resection with or without primary reconstruction [1, 4, 5] . Radiological imaging and endoscopy are essential in the diagnosis and therapeutic approach to esophageal perforation and mediastinitis. This article reviews etiology, management, and outcome of 22 esophageal perforations. With this experience we tried to create an algorithm in the management of these patients.
Methods
From January 2003 to January 2009, 22 patients were treated for an esophageal perforation at our department.
Patient's charts, X-rays, and endoscopies were reviewed and follow-up was completed for all patients. Their charts were evaluated regarding medical history, additional diagnosis, etiology of the perforation, time interval to the presentation in our department, patient's age, and treatment.
In all cases, the localization of perforation was based on endoscopic findings and/or a contrast enhanced X-ray of the esophagus. A CT scan of the chest and upper abdomen was performed in all cases to detect mediastinitis or sign of peritonitis. All patients were admitted to our intensive care unit for further treatment with cardiac and pulmonary monitoring, parenteral feeding, intravenous antibiotics, and proton pump inhibitor. Drainage of the pleura and the mediastinum was performed, if necessary.
Eighteen patients underwent surgical closure of the perforation or esophageal resection. Four patients had a conservative treatment with local drainage or endoscopic stent implantation. Before demission a follow-up contrast swallow was done to exclude a persisting fistula. Complete follow-up information and survival was available for all 22 patients.
Patients with anastomotic leak as a complication after esophagectomy and spontaneous perforation due to esophageal malignancies were excluded.
Results
The twenty-two patients were aged 20-94 years with a median of 55.6 years, 13 female and 9 male patients. Eleven patients were presented within 24 h (early), and 11 patients after 24 h (delayed). Etiology and treatment are summarized in Table 1 . The mean hospital stay was 9.3 (7) (8) (9) (10) (11) (12) (13) (14) (15) (16) (17) (18) (19) (20) days in the early presented and 68.3 (16-300) days in the delayed presented group.
Iatrogenic Perforation
In three patients with achalasia, the pneumatic dilatation resulted in a transmural perforation of the cardia extending into the stomach in one case. Two patients received a local transabdominal repair with fundoplication and primary suture. Both patients were discharged after 12 days. One patient with a delayed presentation received a transmediastinal esophagectomy due to a massive mediastinitis with abscesses and a consecutive esophageal necrosis. The further hospital stay was prolonged by recurrent pneumonias. Mediastinitis with multiple abscess formations needed several CT-guided drainages. One year after perforation, a reconstruction was finally performed with a retrosternal colonic interposition.
In a patient after endoscopic perforation of a Zenker diverticula, a resection and local repair could be performed without any delay. The patient was discharged after 7 days.
In seven patients the esophageal perforation occurred in an otherwise healthy esophagus: gastroscopy (n06) and intubation for thyroid surgery (n01). In three patients with a cervical perforation, a local closure with an additional muscle flap of the sternocleidomastoid muscle in two cases could be performed. In two cases, with a perforation in the lower third, a transabdominal local repair was performed. One patient underwent a conservative treatment. All patients could be discharged after 7 days. One patient presented delayed with local sepsis and severe necrosis. An esophagectomy was performed. The patient died 5 days later in the ICU ward because of multiorgan failure (MOF).
Foreign Body
Two patients with a foreign body-induced perforation in the middle third were treated by stent implantation. In both patients the stent could be removed after an uneventful course 6 weeks later.
In another patient, who presented late after foreign body perforation, an esophageal resection was performed because of severe local infection with extensive necrosis of the esophagus and sepsis. Three months later after recovery from sepsis, the alimentary tract was reconstructed with a gastric tube and a cervical anastomosis. The initial hospital stay was 28 days, hospital stay after reconstruction 20 days.
Boerhaave Syndrome
Most of our patients with Boerhaave syndrome presented very late in a bad condition with severe mediastinitis and sepsis. Because of the advanced infection with partial necrosis of the esophagus, a transmediastinal esophagectomy was performed in four patients. In one patient the reconstruction was done 4 days later (hospital stay: 24 days). Another patient could not be reconstructed after emergency esophagectomy and was discharged without reconstruction in a nursing home (hospital stay: 16 days). Two patients died because of sepsis and MOF. One patient received a primary suture with fundoplication. Unfortunately, this patient died 25 days after admission to the intensive care unit of severe sepsis and MOF caused by pneumonia.
One patient presented already with MOF and sepsis. Surgical treatment was not possible. He received an endoscopic stent and chest tubes. Despite maximal intensive care medicine, this patient died 2 days later.
Osteosynthesis of the Cervical Spine
In two cases an osteosynthesis with a ventral plate caused a perforation of the cervical esophagus. One patient showed signs of a local infection. His left neck was explored, necrotic tissue removed, and the defect was closed by primary suture and a latissimus dorsi flap. The patient was discharged after secondary wound healing.
The second patient suffered from giant cell tumor of the cervical spine (C5-7). The patient had multiple resections and local radiotherapy. Ten years later the patient presented with an esophageal stenosis and perforation. The stenosis was resected and reconstructed with a free jejunal interposition. One year later the patient was presented with recurrent perforation of the jejunal interposition. The perforation site was resected, and a new anastomosis was performed and covered by a sternocleidomastoid muscle flap. The osteosynthesis material was removed. The patient was discharged after secondary wound healing.
Discussion
Corresponding to the literature, the etiology of esophagus perforation was mainly iatrogenic in our database [6] . Factors increasing the risk of iatrogenic perforation include preexisting diseases such as large hiatal hernia, vigorous achalasia, or
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Delayed presentation >24h Fig. 1 Treatment algorithm for esophageal perforation in our hospital diverticula. Esophageal perforation by instrumentation for ventral plate osteosynthesis [7, 8] typically occurs in areas that are anatomically close to the spine (cervical spine). Therefore, sternocleidomastoid or latissimus dorsi muscle flap interpositions are used as reinforcement of a primary esophageal suture or as a patch in the upper third of the esophagus. If the patient presents early, a primary repair and reconstruction with a muscle flap can be done in most cases with low mortality. In our hospital we had no mortality in those patients. Treatment options include operative and nonoperative managements such as stent implantation [9, 10] . The best indication of stent implantations is small perforations diagnosed early without any signs of sepsis that have an adequate distance to the upper and lower esophageal sphincters for a sufficient sealing [6] . Stent explantation is recommended after 4-6 weeks [6, 11] . A nonoperative treatment in presence of free fluid, contrast extravasation, or mediastinitis on computed tomography is associated with failure and high mortality [12] . Surgical treatment includes manifold different procedures from local repair and muscle flaps up to an esophagectomy depending on the localization, the local infection, and the general condition of the patient. As an individual solution for the reconstruction of a cervical perforation with only very mild circumscribed infection and a neighboring stenosis, we used a jejunal graft. In fact, the free jejunal graft is a very useful technique with wide acceptance for reconstruction after the resection of cervical neck cancers [13] .
Because the esophagus is surrounded by loose stromal connective tissue, the infectious and inflammatory response can disseminate easily. Esophageal perforation is a medical emergency. In our series, 11 patients were admitted more than 24 h after perforation. Four of them died because of sepsis and MOF. The objectives of treatment include prevention of further contamination from the perforation, elimination of infection, restoration of the integrity of the gastrointestinal tract, and establishment of nutritional support. Therefore, debridement of infected and necrotic tissue, meticulous closure of the perforation, total elimination of distal obstruction, and drainage of contamination are essential to successful management [14] . Esophagectomy provides the best treatment option, when concomitant obstructive stricture is present, or when attempted drainage, closure, or exclusion has failed to control local infection, necrosis, and sepsis. In these cases, esophagectomy and secondary repair after control of sepsis is the best option to minimize the complication rate [15] . We performed an esophagectomy in seven cases because of massive local infection with secondary esophageal necrosis, mediastinitis, and sepsis. Reconstruction was done in a second stage in five patients (range: 4-300 days after perforation). With this approach, the intra-and postoperative courses after reconstruction were uneventful in three patients.
Based on our experience and based on available literature [6, 9, 11, 12, 16] , we created a treatment algorithm for our hospital (Fig. 1) . Characteristics such as age, ASA classification, and comorbidity should be considered in the treatment of these patients. In conclusion, an early diagnosis and an aggressive treatment are the most important prognostic factors in the therapy of an esophageal perforation. The reason for the high mortality rate is the high percentage of untreated transmural perforations with an advanced mediastinitis and sepsis at the time of diagnosis. A very effective treatment with endoscopic stent implantations or surgical closure with an additional muscle flap, if needed, can lead to success as long as the surrounding infection is only limited.
